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Executive Summary

For decades, the science community has advocated for Mars Sample Return (MSR) as an drateavor
would fundamentally advance our understandinglod history of our solar system and its evolutiamnd
aboutthe past andcurrent habitability of MarsThebenefits of MSR includeotentially historic
discoverieenabledby applyingcurrent and futue technological capabilitids the analysis of martian
samples as well as thenormous educational and inspirational impacts to the public

NASA and ESA signed a Joint Statement of Intent in April 2018 to seek ways to carry out MSR by means
of an interrational partnershipOne of the keys to success of such a partnership is to establish the
foundationfor a Science Management Plan that can be implemented on an internationaltuasis

would give all partners fair opportunity to participate in the scigatiliscovery proces§hould MSR be
confirmed, a Memorandum of Understanding (MOU) between NASA and ESA will further define the
respective roles and responsibilities of each agency.

In this document we proposaframeworkfor the required SienceManagemat Plan Our goal was to
ensure that the framework sufficiently details the hifgvel structures, bodies, and processes such that
nearterm actions can be implemented by MSR partners following mutual approval of the camaagn.
alsoconsidereda planninghorizon far enough in the future to account for science management
activities throughout the entire MSR campai@neplanning horizon consequence wie realization

of the need to establish an international Counwiith the authorityto charter severagiroups in the
nearterm that are necessario fully develop the ScienddanagementPlan and the requirements for

the Mars Sample Receiving Facility.

In developing the framework,nephasis was placed on holding scientific excellence and equitable access
to samples as fundamental ampdincipal objectives, at the same time ensuring that invested

stakeholders caidentify and make preparations facientific opportunitiesor their communitiesnow

and into the future The process of developing this frameworkadived:

1 Review of previously published options and strategies for the management oféfl8Red
samplescience

1 Review of historical precedents from other sample return missions

1 Factfinding regarding margement strategies for othdarge and compleinternational
scientific enterprises

9 Definition of the required functionalities of the Science Management;Plan

1 Establishment of guiding principles that constitute requiredides attributes of the solution;

1 Understanding key interfaces that need to be mged in order tcachieve MSR scientific
success;

1 Systematic engagement with the scientific community, on both sides of the Atlantic, to
understand their needs and priorities.

The proposed framework is organized into three categories.

w Management and Managemd Planning:These are entities and processesolved in the
oversightof returned sample science, amdfer guidance fopperational functions such as
curation(including sample preservatipand planetary protection.
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w Planning for Facilities of Interegb ScienceA number of scientific considerations must be
taken into account in definingome of the facilities associated with MSRe science
community thusneeds toparticipatein the requirements definition.

w Returned Sample Science ProcessBEsese ag the processes associated with making the
samples available to the sample science research community, in a fair and consistent way, and
with enabling sampldased scientific discoveries.

Each of the above categes involves multiple componentsonsistig of planningcommittees,
processes (workshops, conferences, competitions, etc.), facilities, and management ¢mahjss
framework, we propose rationale, composition, key outputs, and timing for each of the major
components

Collectively, these compemtsrepresent a proposednplementation of the science of MSR, and would
allow members of the science community to be active participanédéments of sample science
planningand managementPerhaps most importantly, the descriptions show how scientific
opportunitiescanbe generated and coordinated to enable wedbanging discoveries, and lay out the
landscape of opportunities so that individual scientists can demidbe extent and mode of their
engagement with thesgariousopportunities In some ases, where multiple options exist, weg&amine

a range of possible mechanisms or arrangements for consideration.

Finally, we conclude with some considerations related to the initial implementation of a science
management planto be undertakerafter the sgning of the international MOU.
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1 Introduction

1.1 Context

As documented ithe Statement of Intent signeith July 2019Appendix A)NASA and ESA have been
actively exploring options for forming partnershipto achieveMars SampleReturn (MSR)Throughthe
developing partnership, twaritical primary subjectsieed to bedefined:

1 Howrespective responsibilities fdhe flight elementshould be assignegicross the potential
partnershipand,;

1 How toidentify options tomanagereturned samplescience(RSSh such a ways tooptimize
the potentialsciencereturn andensurethat the benefitsare properly extenaédto all of the
investing parties

Regarding the latteiit is crucial to determinénow scientific access to the samplgsuld be managed
and how g@portunities for the international community to participate in tiRS$rocesswill be made
available Theoverarchingourpose of this report is to proposefaameworkfor planning and
implementingprocesseselating to RSS managemehtt couldestablishthe basis of a mutually
acceptable partnership between NASA and ESA on MSR

1.2 The Internationalization of MSRistory and Path Forward

MSR has been consistently recommended for scientific reasons for more than four decades (see iIMOST,
2019 and referenceserein).in 207, the International Mars Exploration Working GrodMEWG

began discussion atrategies forcooperation and collaboration related to M8R means of chartering

the IMARSL team (IMARS, 20083 multidisciplinary international team of soiésts and engineetAn
important questionthat IMARS addressetlas whether the spacéaring nationscould form a

partnership to fly the missions needed to complete the MSR campdligs was followed up by the

following five additional steps that specidilly supported and encouraged the internationalization of

MSR:

1 CNES sponsored the First International Conference on MSR, held in Paris in July, 2008. The
agenda was dominated by the report from iIMARS, and in this venue it received very broad
internationalattention.

1 MEPAG followed up by carrying out the E3BG study (completed in 2012), using a deliberately
internationalized workinggroup. Thigroup developed consensus positions on the tricky topic of
sample size and number to achieve a broad packageieftific objective$MEPAG E2E iSAG,
2012) which havebecomefoundational for subsequent planning

1 IMEWG chartered the iIMARSteam in 2014 to follow up on certainternationalization
recommendations of IMARS (MARS2, 2018).

1 IMEWG chartered the tarnational MSR Objectives and Samples Team (iMOST) in November
2017, comprising ~ 70 scientists representing 15 nations and diverse scientific diségplines
address certain key science planning questions.

91 Finally, ESA sponsored the Second InternatiGuoaiference on MSR, held in Berlin in 2018. The
agenda featured both the report from iIMOST, as well as a majanadysis of the flight
architecture.
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In attemptingMSREE. i K S plan2tdk§ eRplbéation community stands to make historic discoveries
with the first samples returned from another planétis through the shared scientific objectives and
balance oprogrammatidnterests that international cooperation can be achieved &mat the full
benefits from this ambitious campaigean be realizedAs oncluded in April 2018 at the"
International Mars Sample Return Conference:

G2S KI@S GKS 2LIRNIdzyAde FyR Y2O0AQ1GA2y (2
OFYLI AIY Yy AYGSNYFdAz2ylFf SYRSFE@2NI FyR I NE

An important scientific basis for intexgency cooperation is the shared scientific objectives (IMOST,
2019) The iIMOST repodelineated specific ways in which sample studies are uniquely valuable to each
objective detailsthe rich scientific potential of returned samplesd sesa baselindor the nature of

RSS investigatiorad analytical capabilities

1.3 ThisReport

As the MSR mission campaigould necessarily require international coordination, so twould
development and implementation dhe RS$rocesseshat accompaw it. A major dallenge olRSS
management is to develop a framework in a way that allows for stakeholders to demonstrate a return
on investment while ensuring fair and open access for the international scientific community to
participate insample investigations

To addess this issue, NASA and ESA established the MSR Science Planning Group (MSPG) to develop a
stable foundation for international scientific cooperation regarding returned samples from. Mars
Throughout its deliberations, the MSPG identified issues and cosder potential international

partners and outlined the mechanisms through which the international scientific community can achieve
the shared scientific objectives of MSR.

A fundamental premise @fninternationalMSRpartnership is that scientist®presenting thecountries
involvedwould have equitable access to sampl€kiswould ensurethat the scientific benefits and
discoveries are shareimongst the partners, representing a return the investments made in the MSR
campaign thawill haveenabled the selection, cache, return, curation and analysithefsamples.

The objectives of this workre part of the mandate to MSPG in their Terms of Referefo®RAppendix
B), but can beébroadlysummarized as follosv

1 Develop a framework upon which the fonal MSRReturned Sample SciencR$$
Management Plan can brmulated. Evenat this early planning stager MSRwe canalready
identify the major tasks that must be accomplished, the expertise and authority needed for
those tasks, and the structure tfe timeline in whichthese taskshouldbe organized to yield a
successful science operations phase.

1 Ensure that the framework sufficiently details the higlkvel structuresand processesequired
such that neasterm actions can be implemented by MSR paetrs following mutual approval
of the proposed MSRampaign.The frameworknustdefine currentlyknown needs for
RSBrocesgdevelopment, but musalso permit flexibility in its structure and contestichthat

1 https://atpi.eventsair.com/QuickEventWebsitePortal/2sidternationakconferenceon-marssample
return/home
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subsequentdditions(e.g, working groups chaered for specific tasks over short timefran)es
may be added whout major disruption

1 Aim for a planning horizorto be far enough in the future to account for science management
activities throughout the entire MSR campaigithe famework must not onlgxistduring
facility development, planning for initial analyses, or competaddincement ofOpportunities
(AOs) butalsofor the foreseeable future in which theturned Marssampleswill continue to
provide science benefits to the worldwide community.

Following the conceptual development outlined in Figurehls teport describes the Framework for a

Mars Returned Sample Science Managen®amé NEFSNNBR (G2 KSNBFFISNI I &
The FFamework proposes strategy foiscientificcommunityinvolvement in the management of Mars
Returned Sample Handling (MRSMRSH is utilized as a term that broadly encompasses the steps
required to manage the samples after they have been returned to Elddte that this report has

focused on only the scienetements of international MRSH management. Absent from the report are
in-depth discussions of planetary protection and curation considerations. Such content was beyond the
scope of the Terms of Reference assigned to MSPG, though natural linkages ammetiyste are

identified throughout.

The management system we have proposedésarlynot the only way taachieve the end goals &SS
Wheremultiple optionsexist, we haveised the multidisciplinary, mul-national perspectives within
MSPQo guide degiornrmaking Weapplied the criterieof maximizing the science return from the
samplesmaximizing theopportunities for theinternationalscience communityo participate and
treating this community as fairly and openly as possjlitegenerate a reas@bly specific proposaln
some caseshowe\er, we haveflaggedmultiple options for which we believe that further discussion,
perhaps including additional expertise, would be of benefit before reaching a final decision

Included withinthe Frameworkare the identification of required/desired committees and other
decisionmaking or recommendaticforming entities, and how thie outputsmay be scheduled relative
to the major milestones of the MSR flight systems. After iteration withMi8Rsponsorsand upn
approval of the MSR campaighis our intent that

g—;ft‘,.”—o’f, the Frameworlbe followed by a fulRSS
. ~ Management Plan that contains significantly more
Best Practices and Lessons Learned 2 detail than is described here
from Antecedents and Analogs
Q Near the conclusion of the process of developing

3 the Framework described in thisport, MSPG sent

Development of Guiding Principles ) ) o
v the documentto six senior external scientists

Figure1: Summary of the overall logic of this repori  (from the U.S., Canada, and Europe) for review
This resulted in the reinforcement of certain

P positiors, valuable suggestions for ways to clarify
Discussion and Implementation 5 and simplify the messages, and ways to bette
Considerations focus the findingsWe thank them for their help
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2 Inputs into Planning fahe Managemenbf MSRReturned Sample

SciencdR

SS)

2.1 MSR Reference Architecture
The NASASA MSR campaign is presently being defined as a set of three flight missionsttldat

result inthe samplegseturning safely td=arthalong witha series of poskanding activities collectively

termed Mas Returned Sample Handling (MBS he elements of theJNR L2 A SR do b

(IMARSII, 2018 are

shown in Figure.2
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Figure2: Overview of the proposed "3+1 architecture" outlining the flight elements proposed to return samples

Sample Return and Science
2031

M

from Mars from Lock 2019 see this document for additional detail&ey flight elements shown on this diagram
are abbreviatedacronymghroughout this report: SR SampleRetrievalLander; SFRSample Fetch Rover;
MAWt Mars Ascent Vehicle; @®rbiting SampleER® Earth Return Orbiter

The timeline of theproposed campaigand its notional mission@-igure3), can be summarized as

follows;

1 Sample Collectionthe M2020missionis expected to launch in July 2020 and arrive at Jezero Crater

on Mars in February 2021. After landing, it will identify and collect a set of martian satnatese

intended tobe returned to Earth(see Farley and Williford, 2017)

1 Sample Retrievalthe NASAed SampldRetievalLander (SRL) mission, including an-E8/&ample
Fetch Rover (SERJould launch in 2026 and arrive at Mars in 2028. The samples collected by
M2020would be delivered intoan Orbiting Sample (OS) contairerd launched into Mars orbity a

Mars Ascent Vehicle (MAV).
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1 Earth Returnthe ESAed Earth Return Orbiter (ERO) mission, including a hASAded
Capture/Containment and Return payloadpuld launch in 2026 asharrive at Mars in 2027. The
ERQwould orbit Mars and provide relay services for the @Rt Mars 2020 during sample retrieval
The MAWvouldlaunchT NB Y a | N 202%addNdielasd he samptentaining OS into low
Mars orbit. The ER{ then expeted to rendezvous wittand capturehe OS in orbitcarefully
contain the OS in an Earth Entry Vehicle (HE®)e Mars orbit and return to Earth in 203the ERO
g2dzf R NBfSFrasS GKS 9FNIK 9y iGNER +#SKAOf Sspei@9+0 F2NJ
and would therproceed to a heliocentric orbit after releasing the EEV, to prevent impact with Earth.

1 Ground Retrieval and Processingpon successful EEV land{iegpected to be in the U.SNASA
would retrieve thecontainedEEVand transferit to a Sample Receiving Facility (SRF)@fe-
determinedlocation.Activitiesconducted within the SRkould be governed by a future agreement
amongst the international MSR partners, taking into consideration recommendations from the
scientific communityand best practices for scientific analysis, and Earth safety.

2026 2027 2028 2029 2030 2031
3| FimaM.1 |s]a]s|o/n|o]s|emia s Al s|onIp]s | F malM s |1 |a]s o|N[o]s |Fimalms|s]als|c]N[D]s |FviaM 1 |1 |a]s|o|n|ofs|FiMaM s|s|a]sloln|o
EaL MAV

SRL @ Earth to Mars

EEV

g

MOl

LMO Relay Spiral Up Mars to Earth

Figure3: Current working reference timeline for thenceptuaMSR flighielements ihodified after Lock, 2039
Key concepts illustrated here include interfaces between the SRL, M202BR@nHNE®, Low Mars Orbit; RDY
Rendevous.

2.2 The Scientific Importance of MSR

The main purpose of the IMOST sty iMOST, 2019)as to reevaluate the scientific value MSR

given the nowknown realities of thevi2020sampling system, recent discoverfesm Mars that have

been made during the past decade, and evolving priorities in astrobiology, geology, and geochemistry

The most important conclusions of the IMOST study are summarized as follows:

1 There is tremendous interest throughout the internatiorsgience community in completing MSR,
and there is consensus that the samples to be collected bivit@20rover would be extremely
valuable for these purposes and should be returned.

9 The science discoveries that can be made via MSR cannot reasonakiyeloted to be made via in
situ and orbital missions.

1 There are seven main objectives around which the science investigations can be organized: Geology,
Life, Geochronology, Volatiles, Planetary Evolution, Understanding Hazards to Human Habitation of
Mars,Preparing foiin situResource Utilization.
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1 Hundreds ofndividual types omeasurements could be made on returned martian samples that
would serve to answer many pressing questions about Mars evolution, geology, and past and
present astrobiological poteral.

With the IMOST team havirgmphatically endorsethe scientific importance of MSR as an international
endeavour, it follows that aRS3Management Plan is required to maximize the number of
opportunities for the science community to be involved andehsure that the international community
is fairly representediMOST, 2019)

2.3 MSR Stakeholders

The MSR science management structsineuldbe set up to permit and optimize th@nnections within
and amongts variouscomponents Thestructure thus needgo be developed with careful agreement
from the stakeholders that make the campaign possible.

As benefactors or beneficiaries to the MSR campéigieed, most groups are some measure of hpth
anumberof top-level stakeholders in the proposed MSR cargpaian be identified:

AgenciesNASA and ESrave been chargelly their respective political sponsoasd advisory
committeesto evaluateimplementing the MSR campaign as well as MRSH anddomgcuration. For

the initial (and possibly followon) agencysignatories of the Memorandum of Understanding (MOU),
there is an expectation to funor coordinatescience on returned Mars sampl@sSA does not fund
scientific research directly, its member states fund research via their national science agexrscied)

as to fund specific agreagpon elementsFor NASA, this includesovision of flight elements and
establishing a SRFas well as @ossible subsequenincontained cleanroonauration facilityin the U.S

For ESAhis includes provision of flight elemgs, and possibly contributions to the MRSH infrastructure
in terms of equipment ocoordination with anyadditional facilitiesn Europe

Nation StatesSpace agencies implement space programs on behalf of their chartering governments.

NASA acts on beHaif the U.S. government, and ESA acts on behalf of 22 member states, as well as nine
20KSNJ O22LISNY dAy3 YR aa20AF0SR adldSao LYLRNILIY
funds the majority of planetary science. In Europe, however, camitnd their own national research

programs via their national science funding agendidas.thus important to develop a structure whereby

each represented nation is assuredbafianced and equitable participation in critical science planning
activitiesand AOs.

Industry: Implementation of the MSR campaign is overseen by agencies who act as customers when

they contract to industrial partners. As a result, the industrial capability of a company and consequent
0SYSTAGA (G2 GKIG O2 WLIOYS® RaY LYNRIASR/ ofe SL@2NARAYREA LAG A 2 y
NEGdzZNY Q Ydzald 0S F0ly26f SRISRI othezQpes abfpbriunities fas A RS NI
industrial participation should exist in the campaign. While this is not directly linked to scetnce, r

nation states may seek scientific involvement in return for any industrial investment.

Science CommunitySample science managememd management planningust be based on the
priorities and recommendations expressed by the scientific communitgrevtihe greatest expertise on
Mars science and sampémalysidies. Whether appointed, selected via AO, or openly invited, delegates
from the science community should plagticalrole in the science management structure, with
expertise and experiendeeing appropriate for the task at hand. An appropriate science management

Predecisional. For Planning and Discussion Purposes Only. 6



structure shouldhusbalance scientific authority and opinion with the interests and boundaries of
stakeholders.

The PublicTheMSPG recognizes that tigeneral publids an imporant stakeholdeand we want them
to be as excited about the prospeat MSR as the science community would Y& should expect that
somemembers of the publicmay have concerns about returning the samples to Earth in a safe manner.
Informing them about te goals and purpose of MSR, dh& S LINiB-& Bt&ninéndand safety
philosophy should be a priorityThis areaan be addressed with an effective communicatiand
engagementampaignusing the basic principles of risk communication, suclha®pen, be accurate,
be clear, be respectfulpster interaction. The makeup of the science management structure itself, as
well as details about the sample handling, analysis, and safety protataygprovide helpful
informationin developing effective comumications with the publicFinally, public engagement that
provides inspiration through discovery will hégster enduring support for analysis of the MSR
collection.

In summarywhile scientific excellence must like overarchinggoal of MSR, it mustiso be
acknowledged that the campaign science management structure resphia¢the needs ofall
stakeholders be addresseds input toformulating the RSS Frameworke have noted two particularly
important stakeholdeconsiderations:

1 The space agenciesdtheir respective nation statgsut a priority onreturn on investmenthat can
be relevant and visible tthe publig this can manifesboth as industry engagement as well as
access for scientists

1 The science community has repeatedly expressed aneasten havingnultiple points of entryto
participate in the RSS process, includmgRSS management, RSS planning, and access to samples
for science investigations

2.4 Historical Precedents from Other Sample Return Missions

RS$lanning must be informed byxperience gained througbeveral prior space science sample return
missions, including theixmission Apollo program, Hayabusa, Genesis, and Stadusiently in flight
are two additionakample returnmissionghat have not yet returned to EartlOSRISREX, and
Hayabusa2The science afach ofthese missionkas beemmanaged in somewhat different ways, and
the similarities and differences are instructive

The ApolldProgram was driveprimarily by political and engineering objectives, rather thandeientific
objectives It was notplannedby aScience Definition TearBD7, it was not proposed in a scientific
competition,and it did not have sampleelated scientific objectivedHowever, scientists, led bya
groupinformallyknown as the FouiHorsemen (Jerry Wasserburg, Jim Arnold, Bob Walker, Paul Gast)
worked tirelessly and very successfully to introduce science and science funding into Apollo

Work on Apollo 11the first mission of the sepioneered a set of sample investigatigmocesseshat
were then subsequently refined for the other Apollo missiddlese similarities to what reeeded for
MSRincludesthe need for containment (quarantineote thatthis process was suspended after Apollo
14), low-contaminationenvironmentsfor handlingthe samples, preliminary examinatiorehtind the
guarantine barrier, selection @& unique group of international and multidisciplinary scientiats]
unique analytical instrumentatiariFor Apollo 11 an embargo period of about three mon(ttmsd-
Septembeito December, 1969), after the end of quarantimegs applied to ensure simultaneous
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release of the initial sample investigation results at the Apollo 11 Lunar Science Conference (see
Appendix C for more details)

Key Science Management Lessons Leafimed Apollo

1 Prior to receipt of the first samplethe widespreaddevelopment of scientific capabilities (scientists
and instrumentationjs crucia]

1 Thee is greatvalueto allocating samples to a wide diversity of laboratories, with most being located
outside of containment

1 An embargo period, followed by simultaneous first release of sample investigation results at a major
conference is a promising strategynd,;

9 The establishment and egoing operation of extraerrestrial curatorial and sample allocatio
processess highly important

Most of the other missiongthe exception being Hayabusamed above originated in scientific
competitions and were led by a Principal InvestiggRijwho proposedparticularscientific objectives
that were judged to b@f higher value than that otieir competitors (see AppendixfBr additional
details on Stardust, one example of such a missiahf theproposals were framed around theL Q a
project teamhavingan embargoperiod toaccesghe samples to achieve thgiromised objectives, then
making the samples available to the sample research community atdatgefterwards.

Key Science Management Lessons Learned frbmissions

1 For an objectivadriven sample return mission, it is important that the initial istigations are
focused on achieving the promised objectives.

MSR has attributes of botiypes of missiond.ike the competed missions described above, MSR is being
advocatedon the basis of the scientific objectives that can be achieMedvever, likehe Apollo

Program there is nooverall campaigitevel PL Perhaps morénportantly, all of the above missions

were carried out byne national space agency, whereas MSR is under consideration for implementation
by means ofa majorinternationalpartnership Achieving mutually satisfactory international governance
will require attributes drawn from both of the above examples

FINDING # The overall strategies faneeting the unique challenges of establishing an international
management system for MSBturned sample sciencenust be informed by important lessons learned
from boththe ApolloProgramand various Pled sample returrmissionge.g. Stardust, Genesis, OSIRI
REX, etc.).

92

2.5 The Management of Other Larged Compleinternational Scientific Enterprises
Planetary sample return missions anet the only example of a scientific endeavor requiring significant
internationalgovernanceFor MSR, garticular concern is the balance between transparency and equal
access to samples with the protection of investrhtnm the variousnational agenciesAchieving such
balance can potentially be informed through analogy to a variety of international science bodies.

iIMARSPhase 2iMARS2, 2018) identifieda number of parallels between developing an international
goverring body for MSR and the structure currently in existence with the International Ocean Discovery
Program (IODP). Because MRSH is not just an organization for allocating observing or usage time, but
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rather is an integration of scientific access with samiptéeval, preliminary examinatiogmbargodata
periods, etc, IODP is a particularly compelling model to consider.

The IODRhttps://www.iodp.org0 A& |y AYUGSNYFGA2ylf O2fflF 02N GA2Y
dynamics through the use of scientificalliyiven, competed research expeditions that use ocean drilling
platforms. The IODP has three ocegmingvesselswith five contributing agencies that represent 23

nation states whose scientists staff the research ekii@ns. Through this organization, multiple

international partners share responsibility for planning drilling cruises, collecting and curating cores, and
splittingand competing the collected samples.

IODP has a mullayered structure that manageheir primaryoceangoing platforms, a robust and
active competed research programms well as operations fdong-term curationand preservatiorof
retrieved sample coredts organizational structure consistéeight program officesthree IODP Facility
Boads,two major advisory panels, a wedtaffed Science Support Office, and a larger(i&dnber)
science evaluation pandDDP Program Member Offices (PM@ain each participating country
manage and fund the participation of researchers from member states.

Many of its activities are similar to those expectedtBRRSS. For examplegwly-acquired samples
retrieved by research expeditions are protected bynabargoperiod, after which IODP provides open
access to all samples and associated data. IODP igatishs are based on proposals that support a set
of objectives reviewed and revised on a regular basis. Research proposals are evalaedbimgd
advisory panels elected by the PM@#gs://www.iodp.org/iodp-organizationdiagrams/file.

Other interrational models for sharingnd managindimited resources, such as the European
Organization for Nuclear Research (CHRIM)s://home.cern/), have also been considered, aad
comparison wittthe I0DP is given in AppendxXCERN allows for significant international participation
with co-operation agreements with 37 countriesmd scientific contacts in 18 others.

TheéCouncdA & / 9wb Q& andkihy autiaritg &dis covhpgdsed of two delegates from each of
its23Member States2 Y S NBLINBaSy il 6A GBS FNRBY GKS ylLaA2ylt 320
scientific communitp ¢ KS / 2dzy OAf RSUOUSNN¥AYySa /9wbQa LIRfAOE Ay
matters, defines its strategic programmes, sets and followsruips annual goals, and approves its

budget. The Council is chaired by the President of CERN, aided by the BEeatyal who is the
hNBFYATFGA2y Qa8 OKAST SESOdziA @GS 2 Fid-dapabtiNdies 6fSI+H £ NB L
CERNS/heis suppaoted byfive Directorates; Directorate heads are proposed byRlirectorGeneral

and appointed by Council.

The Council has two main advisory bodies: Sbientific Policy Committd&PC) and thEinance

Committee The Scientific Policgommitteeevaluates the scientific merit of activitigsroposed by
LIKeaArAoOoArada FyR YIF{Sa NBO2YYSyRIGAZ2Ya 2y /9wbQa ao
based orscientific merit by their colleagues on the SPC and appointed by Council. Some members are
alsoelected from NorAViember StatesThe Finance Committee is composed of representatives from

Member States and deals witil issues relating to financial contributiobg the Member States and to

G§KS hNEBFYAT | lekp2nge®3a o6dzRISG | YR

In addition, there isn Audit Committeecomprised of Council and Finance Committee representatives
YR RAAGAYIdAEKSR SEGSNYyLFt SELISNI& (2 LINROARS 208
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management and internal control arrangementdthoughCERN does not manage samplebas a
series of policies regardirige selection of experiments, data managemeand moratora before
publicationthat have parallels with hoWwIRSHnmight operate.

As suchthere are aspects withitODP and CERN tlen provide guidance upon whichdevelop an
overarchingset of scientific processder RSSA summary of organizational characteristics is provided i
AppendixEd . Sa0G LINF OGAOS&a¢ ARSYGAFASR AyOf dzRSY
1 The organization of the CERN Coumalticularly notable is that each country is repented on the
Council by two membetsone a program manager, and the other a scienfi$tis ensures that
overall the Council hamuchscientific expertise so that its decisions are scientifically defensible.
L h5t Q&iereddufudiuie where individuay F G A2y &Gl GSa KIS 20SNEAIKI
funding and contribute expertise to science advisory panels
1 10ODP has developed effective use of a standing, internatieaallyced, science evaluation panel

FINDING & Examples of longunning interrational scientfic organizations focused on terrestrial
research have been identified thaaveR S @St 2 LISR & sir&eyiés ahdvdettodsitratdulne
productively emulatd for the purposes ointernational MSRreturned sample scienamanagement.

2.6 PreviousRS3ManagementEfforts: Review of IMARS Phase 2

Over the past two decades, significant effort has been dedicated to planning various aspects of the MSR
campaign, including scienobjectives €.9.,MEPAG NIBAG2008;E2EISAG2012;MEPAG, 2018;

iIMOST 2019) flight elements €.g.,Mattingly et al., 2005; IMAR83008), and sample curatioa.{.,

Beaty et al., 2009; EMGARES018).However, relatively little attention has been devotedR&S
management.

In 2006, IMEWG chartered the internatidMdars Architecture for the Return of Samples (iMARS) Phase
1 team to outline the scientific and engineering requirements for an international MSR architecture. In
its final report, the group recommended the formation of an international science institupeovide
scientific oversight of the returned samples (Beaty et al., 2008).

IMEWG then chartered a new incarnation of IMARS in 2014. As part of its task, the IMARS Phase 2 team
was charged with defining such an institute as part oR&8mplementationplan. Ultimately, the team
proposed an overarching management structure and supporting processes and procedures that seek to
deliver effective governance of the M8&mpaigniMARS2, 2018).

The MSP@vasasked toconsiderthe IMARShase 2 findings amécommendations and to incorporate

the relevant aspects into its analysis dR&3$nanagement plan. Note that the IMARS Phase 2 scope
included topics related to science management, engineering, sample handling, and curation, but here
we restrict our analysi® science management subjects only.

The MSPG has concluded that most of the science management aspects of the IMARS Phase 2 efforts
are an excellent foundation, and it has incorporatednyof them into this proposed Framework. The
topics on which MSP&ncurs with IMARS Phase 2 can be organized into three categories, described in
more detailin Appendix F

1 Already completedfindings or recommendations that have already been acted upon by the MSR
sponsoring partners
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1

Incorporated into this proposed Fraework: findings or recommendations that have guided MSPG
deliberations and are being included in the present documant;

Endorsed by MSP(ut have not yet been implementedindings or recommendations that are
consistent with Framework development biodve not yet been incorporated or acted upon by the
MSR partneramosttypically becauséormal approvals still pending.

In addition, there are four specific points in which MSPG has reached conclusions that differ from those
of IMARS Phase 2. Severhtiese differences are minor. Summarized briefly below, the IMARS
finding/recommendation is paraphrased in boldface type, followed by the M&8E@nmended

modification.

1.

An international MSR Science Institute should be established as part of the overaticse
governance schemaVhile MSPG concurs that high level executive oversight is required to manage
RS$rocessesMSPG concluded th&br reasons relatednlyto science planning formalized
Institute is unnecessarglthough there may be other compiglg reasons tase such a format
Alternatively, a coherent set of management and working groapsid be established and
coordinated. As part of the Framework, we propossetof such bodie$n Sectiord.

A science management group should belocatedat the sample facility Certainly we concur that
an overarching project team is required to manage-ttagay operations oMRSHsee Section
4.2.2). However, requiring ctocation atthe SRF or other curation facilities is wohsistent with

the possibility of multiple facilities on differembntinents. Temporary ctcationof personneht

the initial SRF in the U.S. may be desicedepresentatives from the SRF facility§) may be
included in the management group, butlibw-on activities for the group are largely expected to be
conducted remotely.

The Preliminary Examination Tea(PET)should be provided with financialkgupported time away
from SRF obligations to prepare papers for publicati®tarticipation on the PEEammaybe one of
the most highly sought activities by the scientific communitys privileged first access to the
sampleswould reveal critical information about theamplecollection However, as discussed in
detail in MSPG (2019a) and in Section3taf.this reporfwe do not believe the PET should be
assigned sample research responsibilities resulting in scientific publications. Rather, we phapose
the primary deliverable of the PIBE a catalogue thgtroposingresearchergould useo properly
request samples for subsequent competed investigatiédikiough the PET will clearly need to be
financiallysupported research objectives should be the remit of tmmpetedsampleinvestigation
teams. Whether and hoithe PETmembers may be part of thedater objectivedriven investigation
requires further discussiofsee als@ectiord.4.4).

Scientific access to the samples should be driven by scientific excellence, independent of the
financial contributions of theproposef Bome country:Unquestionably, the driving motivation
behind MSR must be the scientific excellence of investigations performed on the returned
collection. However, making the samples immediately available to the entire world would
necessarily disinceniize investment in the MSR campaign by other potentially interested nations or
agencies. Based on historical precedent of other sample return missionsppesethat certain
activities throughout the processmaost notably PE and theitral investigatiors ¢ remain
embargadto partners that have invested in the M8Rht architecture. Samples would later be
made available to the rest of the world based on scientific meeeSectior4.4.5).
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2.7 KeyRS3mplementationissues the 2019 MSPG Workshops

In addtion to addressing elemenstof the Famework, the MSPG was also charged with ensuring that
planning activities undertaken by the two space agencies in support of MSR are coordinated and
consistent. As part of its purview, the MSPG was to produce repdableshing and documenting
positions amongst a diverse set of sample scientists related to planning assumptions and/or potential
requirements involving the handling and analyses of returned samples.

To assess the level of consensus amongst the commtimyISPG held two international workshops.

The first workshog d { OA Sy OS A y held 2ayiuary 20¥9Yhgliindbia, MDS ¢ was focused

2y Ay@SaidAaalridrizya GKIG ySSR G2 0SS LISNF2NNSR gKAES
(MSPG etl., 2019a). The second workshppContamination Consideratiohss KSt R al & HAamd A
Leicester, UI§ focused on the logic associated with setting contamination control specifications at

different levels (MSPG et al., 2019Bncouragingly, the outcomes frottne workshops demonstrated

consensus on key topics aate consistent with almost argroposedscience management structure.

¢KS a{OASYyOS Ay /2yilAyYSyilé¢ 62N} akKz2L) SEIFIYAYSR (K
while under biological quarantin®asic CharacterizatiqBC)plusPreliminary ExaminatiofPE) time-

sensitive sciencé.e., measurements of properties which would be subject to change after the sample

tubes are openediandsterilizationsensitive sciencelerilizationtolerant sciene could either be done

inside or outside of containment. For masftthe questions discussed, the workshop participants were

in strong agreement (MSPG et al., 2019a). It is anticipated that the rejpattd be used to support

future planning, including ietrnational partnership formation and SRF costing exercises

¢CKS a/2ydFYAYFdAz2y [ 2y ahiRS Ndvdlstratefiaserelate@ tolhesfifupeld RS G S N.
preparation of contamination contrqiCChand contamination knowledgéCKYyequirements associat

with sample receiving facilities and activities. This is seen as an essential input to functional

requirements definition and cost/schedule estimation of campaign facilities. The contamination control
requirements are expected to be a firstder driveron cost of the SRF, stemming from the workshop
NBLRZ2NIQAE yAYyS G§SOKYyAOFf FTAYRAYy3Ia aidldSySydao

An important process outcome of the two MSPG workshops is that the U.S. and European science
communities reached consensus on some important technical plannirgfiqgas. On none of the issues
discussed did the workshop groups become polarized along international lines. Although there are

certainly differences of opinion amongst the scientists in planning workshops like these, they do not
represent systematic geoptital differences.

Key considerations raised in MSPG Workshops that have been integrated into the RSS Framework:

1 The importance of being able to work on samples outside of containment, either after they have
been sterilized (appropriate only for steriltzan-tolerant science) or determined to be safe
(appropriate for all science measurements)

1 The definition of the desired functionality of the Preliminary Examination Team

2.8 Community Engagement
Throughout its effortsthe MSPG hasstablishednultiple opporunities for discussion d®SS
management issues with tHdars exploration and sample researchmmunityQ &t large As the
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Framework is intended tbenefitthe international science community, it was critically important that
the community was able to prade suggestions and recommendations for overall improvement.

The engagemengffort included townhall meetings at three major internatiorsalale conferenceis

both North America and Europe (American Geophysical Union, Deie4,12018; Lunar and Planetary
Science Conference, March-28, 2019:andEuropean Geosciences Union, ApidlZ, 2019)In

addition, relevant posters were presented at the Lunar and Planetary Science Conference and the
Meteoritical Society meetintp help catalyze community discussiohthese key topicsand an invited
talk was given at the Astrobiologyi&uce Conference 2019

A more refineddraft of our proposedcience managememianning was presented and discussed in
poster format at the 9 International Conference on MagseeHaltigin et al., 2019whichtriggered
manyconstructive andletailed interactions with the conference participantsseful feedback was
received in response to all of the above, andéds beersynthesized anéhcorporated into this analysis
Additionaly, a presentation/discussiowasgiven at theEuropean Planetary Science Congiesgsion
of Planetary Sciences Joint MeetingSeptember, 20186eftonrNash et al., 2019)inally, MSPG has
requested and received reviews of this Framework from esteesagdple scientistfrom the Urited
States, Europe, and Canadho have long advocated for MSR.
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3 RS3anagementEssential Components

3.1 Defining the Required Functionalities

MSRRSS$nanagemenis expected taequirea varietyof processeshat require different
implementation entitieqe.g., panels, working groupsonferencey We envisionthree basic categories
of activities thatwill need to beexecuted:

1 Management and Management Planniripdies These are entities and processasolved in the
oversightof RSSandoffer guidance fooperational functions such as curation and planetary
protection.

9 Planning for Facilities of Interest to Sciena®:number of scientific considerations must be taken
into account in definingome of the facilities associated WiMSR The science communityeeds to
participatein the requirements definitiopphase of these activities

1 Returned Sample Science ProcessHsese are the processes associated with making the samples
available to the sample science research communityfair and consistent way andth enabling
samplebased scientific discoveries.

Building upon this notion, we have identified a number of core functionalities that are required to
achieve the overall sample science management objec(ivaislel). Drawingheavily fromthe CERN
and IODP models for management and oversight of samples and science investi@saiios 4
outlines a set of committees and teams to manage the functionsegkiving the samples, completing
their initial evaluationinforming requirements forlong-term curation of the returned samplesnd
engagngin the investigations leading to potentially historic scientific discoveries.

Predecisional. For Planning and Discussion Purposes Only. 14



Table 1 Core functionalities required for successful RSS management

Functionality

Overall Management Facilities Planning Science Operations
Authority to charter required
sciencerelated planning or Prioritize samples for return

implementation committees
Authority to select personnel to

populate and lead scieneelated Define HigH_evel SRF Req: Write RSR\nalysis &
required planmg or that feed into SRF cost Implementation Plan
implementation committees estimate and timeline
Define objectives and prioritie
Authority to approve selection of for initial round of Pled
Pls sample investigations to feed
into AO
Authority to consider and gpove Determine science criteria for
necessary budgets mission success
Write RSS\nalysis &

Perform initial examination an
characterization of MSR
samples
Evaluate scientific merit of
proposals requesting sample

Manage the timeline, budget to | Implementation plan, which
ensure objectives are achieved defines lowerlevel SRF
requirements

Write-up full RS$41anagement allocation
Plan, for editing/approval by NAS/ Prepare AO for investigation ~ Make sample allocation
ESA (and any othetakeholders inside SREcould include decisions
defined in the MOU) instrumentation and other

Perform science invéigations

factors affecting laboratory OnIMSR samples

design within the SR

3.2 Constructinghe Framework o Science Management Plan

3.2.1 Guiding Principles

In developing the Framework and designing RSS processes and timelines, we have formulated five
guiding principles that serve as the foundation of our strategies. Summarized below, these principles are
based on the previouRSS$nanagement recommendations, sepractices from other major

international science partnerships, the need for the financial sponsors of MSR to achieve a return on
their investment, the technical need to engage large numbers and diversity of sample scientists to
achieve the scientific gential of MSR, and historical precedents from other sample return
missions/programs.

1 TransparencyAccess to samples must be fair and the processes defining sample access must be as
transparent as possible.

i Science maximizationit is imperative thathe science management and samykdated processes
optimize the scientificproductivity of the samplewia careful selection of science investigations
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Samplepreservation in several different respectgill be an important factor imaximizing the
integrated scienceproductivity over time
1 AccessibilityInternational scientists must have multiple opportunitiesparticipatethroughout the
MSRprocesdn a variety of capacitieg(g.sample management, sample analysis).
1 Return on investmentAgencies preiding the investments required to execute the MSR campaign
aK2dzZ R NBOSAGBS RSY2yaiNlotS o0SySTAda F2NI Syl of Ay
1 One return canister : One collectiohe returned samples should be managed as a single
collection even if the samples arbysically housed in different facilities, and sample ownership
should not be prerated according to investment.

A more complete explanation of some of these guiding principles are provided in the following sections.

3.2.1.1 Generating Opportunities for the ScidiatiCommunity

One of the metrics for success in RSS planning has been to maximize the opportunities for international
scientists to get involved in theotential MSR Campaign. In developing the Framework, we have
attempted to define multiple opportunitie of many different characteristics and functionaliti§eme

of the opportunitieswould be launched by formal Announcements of Opportunity, others will involve
membership in committees, and at least one will be a completely open workshop/conference ngs ma

of these opportunities as possible will be competed, whereas others will be appointed (or will be filled
by exofficio personnel).

For some of the opportunities, eligibility for the openings would be restricted to the MSR partners, as
defined by the gjners of the MOU (and subsequent additions, if afgr)others, any qualified scientist

in the world would be eligible. The opportunities to participate expected t@volve with time and it

will be possible for individual scientists to be involved mrenthan one of the activities over the course
of the MSRenterprise.

FINDING & A number of opportunities fothe international scientific community to participate in
different aspects of theeturned sample sciengerocesshave been identifiedA compiation showing
how these opportunities evolve with timieas been prepared, so as to help individual scienéiststheir
teams to find the roles they wandndto enablescientific program managers to plappropriately(see
Appendix G

3.2.1.2 Ensuring Fair Balae in the Scientific Discovery Process for the Agency Partners in MSR

The returned samples will be extremely precious. As a wadds endeavor, one of the key challenges is

balancing two competing demands: (i) thesire of scientists across the wotlmaccess the samples

and (i)sponsoring countrie¥ I Y+ 3SNEQ RSaANB (2 3ISvwrstdntstsS 2 LILI2 NI dzy /

While the intent of MSR is to maximize the scientific return of the sample analyses by seeking the best
scientists using thenost advaredanalytical laboratories on Earth, it is recognized that considerable
investment will have been made by the MSR partners in delivering the sarttptetherefore important

to recognizespecific advantages to early MSR architecture investment.

Judgindoy precedents set by previous sample return missions (e.g., Apollo, Stardust,-REKRi®
anticipate thatparticipation incertainRS&ctivitieswould be highly soughafter. This includs, butis
not limited to: oveall scientific decisiomaking preliminary examination, and initisamplescientific
analyses.
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We thus proposethat certain activities throughout the MSR process be limited to individual scientists
sponsored by MSR partner agenciBglimiting such positions to selection by MSR partnéne

scientific benefits will serve as an important return on investment for NASA and ESA, especially as
realized through preliminary examination and the initial objeciiviven investigations. Such benefits
may serve as an incentive for other nationgdim this initial partnership.

3.2.1.3 RationaleAgainstProRat Sample Ownership

One proposed mechanism fprovidingreturn-on-investment for the MSR partnevgould be toallocate
sample ownershipro ratabased on the value of the initial investment. Sacphilosophy has been
utilized inprior internationally collaborative sample return missions such as OBRtSwhere Canada
will receive 4% of the sample in return for its contribution of the OSRESLaser Altimeter (OLA)
instrument.

However, we beliee that such an arrangement would be detrimental to the overall science value of the
MSR collection, and runs counter to the guiding principle of Science Maximization (see $&cfjon

In order to realize the full scientifotential of MSR, ivould be necessary to go far beyond that which

Oty 0SS tSIFNYSR FNBY AYRAQDGARIZ £t 3IS2f23A0Fffe dzyNB
(defined as a set of samples that are connected by one or more biological, geolayibad, Ehysical

processeswill be strategically designed, selected, cached and returned using the best available context

data and full understanding of the science objectives that we hope to acHiesteppinted out by

MEPAG E2BBAG2012, followed up ® Carrier et al., 2018; iMOST, 2019).

A key premise dahe collectedsample suites is that the differences betwegimensamples may bas
important asthe absolute characteristics of any individual sample. With the ryehir forethought
involved in samie collection during the mission and the contextual relation between each of the
samples, it is paramount that the returned samples be treated sisiglecollection to balance the
interests of the contributing partners, to achieve fair and open competitar sample analyses, and to
maximize science return.

FINDING # The returned sample collection will have been optimized for its geologic diversiarge
part through its organization into sample suités part of he design of the sample suite$get
similarities and differences between samples willbéeastas importantasthe attributes of the
individual samples. As such, to optimize #ugentific potentiabf the returned samples, they need to be
managed asa singlecollectionin all phases dflars Returned Sample Handling.

3.3 Essential Related Aspetisbe Managed Outside tHRS3/anagement Plan

There are three key functionalities thabwid not be directly managed as part of tiRSS Mnhagement
Pan: Mars 2020 sampleollection sample curationand planetaryprotection. Although these
functionalities will be manageseparately from RSS scient®eere will be significant interdependencies
between them, and overall management of MRSH will need to be cognizant of all ofEffective
interface management will be essential.

3.3.1 Sample Collectioat Mars by the M020Mission

Independent of the internationalization discussianglined in Sectiori.2, NASA chose to proceed on
its own with a sampleollecting rover known by thevorking name of Mars202@r M2020 The concept
of a samplecollecting rover mission was first proposed by the MEPAG-B¥RR (2009gndorsed (in
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somewhat modified form) by the Decadal Survey (NRC1)2@hd defined by thiMars2020 SDT (2014).
The M2020mission has subsequently been budgeted, designed, its instruments competed, and mostly
built; andas of this writing, it is in the ATLO procedswever, delivering the cached samples to Earth
still requires multiple flight missions with associated oppaities for international partnershifsee

Section 2.1

As implemented, thé12020 rover(launch July 20203 planned to have a primary mission phasemné

Mars year (+wo Earth years) potentially followed by an extended mission phalsi. will be a NAS
managed mission, for which almost the entire cost will have been borne by the United’States

mission represents a crucial firstep inthe MSR flight architecture, though because initiation of Mars
2020 project predates the formation of a dedicatl set of MSR flight missions, M2020 has its own
independent management structure and authority that is autonomous with respect to other MSR flight
missions.

Of greatest importance for MSR, the M2020 science team will have the responsibility for seteeting
samples that are cached, and for documenting their contagtan aside, it does represent an additional
opportunity for international scientists to become part of the MSR process: NASA hastedrtime
Returned Sample Scientist ParticipatBigjentisipositions and igxpected torun anotherParticipating
Scientist competitiorin 202Q

The rover will carry 43 sample tubexf which four will have been irreversibly ptenfigured as
proceduralblanks (Farley et al., 2019he tube arithmetic originatediith E2ESAG (2012), who
considered a full OS wontain31 tubes (based on tube packing geometries that existed at the time),
and who concluded that it would Haghly valuabldor reasons of sample acquisition decisimiakingto
be able toover-sampleby ~25% and thedown-select to final highest priority set of 3This implies the
use of 37 sample tubes from which to chopseme of which are almost certain to be blarikse
additional six tubes allow for the possibility of engineering failures (aséhcomplete sample recovery)
that need to be discarded

Elements of the Framework have thus been developed under the assumption that more samples will be
collected in the field than can be returneand that a fundamental future decision is which sarayite
return.

3.3.2 Sample Curation

Effedive sample curation protoco)processesand facilities are essential #nsuring science integrity
andto enabling the maximum amount of science outpbibth in the nearand the longterm. Curation
includesdocumentirg, preserving, handling, and distributing sampl{@sration of astromaterials begins
before sample acquisitiomo ensure that appropriate systems are in place to collect and subsequently
store the samples without damaging theand lasts throughout the saidific lifetime of the samples.
Preservation is ammportant aspect of curation thagnsures sufficient material is retained for posterity,
both to enablefuture scientific investigationand toensuresafety of the collection againgbtential
hazards (g., earthquakes)Samples must be carefully curatedd allocated for destructive analysis
only in accordance with prioritization of science objectives agreed by the commuihisyapproach

2There are some important exceptions involving instruments which were selected in 2015 through open
international competition.
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would permit enduring benefits from the collection over timepaling future, more sensitive
instruments to fulfill new science goals

The process of curatirgpmplerelevantMars 2020light Contamination Knowledge (e,dpardware and
witness/blank materiglhas already begun through the efforts of tAstromaterialsAcquisition and
CurationOffice(AACO#at Johnson Space Cen{dSCyithin NASAHow thiseffort would be broadened
to include curation organizations and expertise at BGis component organizatioria response to the
MSR MOLlas the MSR Campaign entéine RSS phase is outside the scope of this document.

However, since thewration of samples and sample scientself are intertwined topics where each
both depend on and influence the othehere is a crucial interface here that has to be wedinaged.
Thecuration teamneeds tobe involved from initiaBample Receiving Faciligsign throughinitial
samplereceivingand allocation andlong into the futureat the variousfacilities and PI laboratoriess
long as the samples are still deemed sciecuify useful

We envision drmal Quration PlanningTeam (CPTjhat would be aressentiapartnerin planning for
RSS implementatiofey curation planning topiamayincludethe requirements for handling, anaing,
storing, and distributing sampleslso important will be definition othe materials and recordthat
should be curated prior tMSRlaunch through flight systems development and operatiposntinuing
into the steps required to prepare for receiving the samptiEscription ofinvolvementin the
preliminary ekamination and basic characteaition steps, and adequate storagénally the planning of
the sample receivinfacility and possible uncontaineduration facilitiesand Pl laboratoriewill be of
essential interest to science

As a spcial note, preservation of the scientific value of the sample collection is a cetetlof MSR.
Thus, maintaining a certain proportion of the sample collection in pristine conddioiuture
investigation,nominally 40% as suggested by E2&G (202) will be critical. However, despite its
importance, we believe thadetermining the final percentage of preserved sample mass and how the
preserved portioris selectedis not appropriate for the science management pldowever there are
technical aspds of planning for sample preservatidhat may need to be assigned to some of the
working groups described in this plan (for example the MSR Analysis Planning Vi) that will
require coordination with theuration PlanningTeam, should such a team Hermulated

3.3.3 Planetary Protection

There are several aspects of planetary protec{ipR)that relate to the MSRampaign for the purposes
of this document, the most importanequirementisthat the returned samples be held in containment
until it can ke determined whether or not thegre safe for releasevia biohazard testing or sterilization
The operating assumption of the MSPG and others (8§RS2, 2018) ighat the first stage of MRSH
would require aBio-Safety LevelgSI. categoryd containment curationfacility that we refer to by the
functional nameSample Receiving FaciligR

It has been agreed by NASA and ESA th&R¥#would exist in the United Statef\dditional facilities

may be built in Europe funded either by individual or grewf countries or other financing for science
infrastructure (e.g. the European Union). Such facilities may or may not have biocontainment and would
be built only with agreement of their involvement in MRSH. In the current state of planning, ESA does
not expect to directly fund these facilities, but must have a coordinating role between MSR science
planning and new facilitie¢lowever, MSPG asserts that no mattiee number of curation facilities
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(BSE4 or otherwise), for the integrity ahe science invdgyations all Mars returned sample@gould be
treated as a single collection for allocation to scientists initially sponsordd3#¥ investing partners
then scientists across the globe.

Similar to the procedures used for the Apollg 12 and 14nissionssamplesn the SRkould need to

be subjected to a set of tests to determine whether or not they are hazardous. Past work on the test
protocol for returned Mars samples was carried out in 2002 through a linked set of workshops and
committees, and reportedn by Rummel et al. (2002More recently, a newCOSPARhartered
committeethea { I YLX S { | FSi{ie& Warkin§ Graup, r/SSARVG\R ied3idering

these issues as of this writing.

There is a key science interface isselating to theuseof pristine samples The test protocolvould
consist at least in part of a set of scientific measurements on the sarhaewill be applied to the
planetary protection problem, but theyould also be applied to our understanding of martian
astrobiology. It RRAGA2Yy X GKS dziAtAde 2F aaid gdedfurthdr SRE
discussion belowyvould be dependent on thelanetary protectiordetermination of what constitutes
sterilization

Without commenting further at this time, future plamg teams are going to need to carefully consider
how to manage the above interface issues. This will require the engagement athieothS andthe
European communities.

FINDING & Certain functional elements that are essential to the success of thedviteRoriseare not
addressed ithe Framework foMarsReturned Sample Science Management, most importantly the
M2020 samplecollecting rover, sample curation, and planetary protection. Howevés,gkpected to
be critical for thereturnedsamplesciencemanagers to work closely with representatives of each of
these elements in defining and implementing the Science ManagementmRlame planning teams
shouldcarefully consider how these interfaces should be managed.

4 Structureof a Proposed Scientéanagment Plan

4.1 Overview
The overall logic dhe SienceManagementlan needs to include ®p-level bodywithin which

i.  highlevel drategycan be discussed,
ii. financial and legalwhority can be sourced and delegated
iii.  multi-agency decisionsan be reachedral certified
iv.  highlevel oversightan be provided, and
v. responses are derived taugh-profile samplerelated recommendations from science working
groups

Also necessary is an international implementation organization, which can provide implementation
leadership, including scheduling, budgeting, contracting, personnel management, coordination of
communications, and oversight over the various science working gréupaly, a number of science
working groups need to form, do their work, and dissolveespponse to a carefully choreographed set
of sequential relationshipg hese primanpodies and their corresponding responsibilite® shown in
Figure4.
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Strategy, Financial and Legal Authority, Source
of multi-agency decisions, high-level oversight,
responds to sample-related recommendations
from science working groups.

A body to represent joint
authority derived from
MSR agency partners

Implementation leadership, including scheduling,
Implementation Organization budgeting, contracting, personnel, coordination of
communications; enables science working groups.

Recommendations
uolejuswa|dwi

Science working groups as needed (that evolve with time)

#1 #2 #3 || #4 || etal.

Figure4: Overview of the higtevel relationships involving internationalbpurced financial ankkgal authority,an
implementation leadership organization, and the multiple sciertaed working groups thatvould evolve with
time.

MSPG has identified a number of core functions thauld be essential to the successful management
of RS%seeTablel), fallinginto three general categorieq1l) Management and management planning;
(2) Planning for facilitie® enable scientific investigaticend (3) Plannindor and carrying ouRSSIn

the followingsectionswe present ourcollectiveproposalfor a £ience Management Framework. Our
approach begins by deriving an inventpoyganized byach of the above categorigsf key tasks that
must be accomplished, their input, output, dependenciesipequisites, timeline constraints and the
expertise requiredo perform them.

Ina second stage, we collate these tasks such that they are performed by specific groups or committees,
and via particular processes. The result of that exercise leads us to define a baseline set of groups and
their basic attributes, sutas their membership, timingnd deliverableg¢Sectios 4.2.-4.4. and

overview in Figur®). Further, we are then able to construct a preliminary timeline, graphically
representing an implementation of the overall Science Management structure with respBtSR flight
missions and critical sample scierm@nts (seexctions 4.5andb).

Note that in considering théormation of themultiple committees involveth MRSHeach vould need

to be populated by membership that reflects theversity of knowledgeexperience, and other factors
needed for thetask at handCommittee formation wuld need totake into account the international
nature of the project and the usual concerns of equadity diversity Another concern is potential

conflict of interest.The need for science representation must be balanced such that the committees do
not have members that would directly and specifically benefit from committee decisions
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| Committee/Group || Function |

| Writes Returned Sample Science Management Framework -
COMPLETED

| MSR Science Planning Group (MSPG)

| MSR Science Planning Group Phase 2 (MSPG-2) | | Complete Returned Sample Science Management Plan |

International Operations & Requirements

oo i | Define high-level SRF Reqs |
Definition Team (iORDT)

Write RSS Implementation & Analysis Plan: drives lower-
| MSR Analysis Planning Team (MAPT) | level SRF Regs and feeds into iSDT and other science
planning

| Sample Prioritization Workshop | Prioritize collected samples for return

Outline criteria for AO for initial sample investigations inside
| International Science Definition Team (iSDT) | & outside SRF; determine science criteria of project success
based on knowledge of collected samples

| Perform initial examination of the samples to inform sample

| Preliminary Examination Team (PET) e

| Evaluate scientific merit of research proposals requesting

| Science Evaluation Panel (SEP) .
sample allocation

Combine data from SEP with other considerations to make

| Sample Allocation Committee | i -
sample allocation decisions

| Perform initial science investigations on the MSR samples

Objective-Dri Pl
| s during embargo period

| Opportunity-Driven Pls | | Perform subsequent science investigations on MSR samples |

Figue 5: Overview of the committex groups, and functioroposed in this Framewoiin order to carry out the
functions necessary for managiR$SCommittees would exist at different points in time (see tinggfigure 10)

and would be chartered by and provide deliverables to the MRSH Cauttus. overview management planning
entities are shown in blue (see section 4.2), facility planning entities are shown in orange (section 4.3), and RSS
entities are shown in green (section 4.4)

4.2 Management and Management PlannBadies

4.2.1 MRSH Council

Rationale:A highlevel steering group is need with the authority to implement the science

management structure and operations at the behest of the MSR MOU signatories and any additional

. contributing partners. Because of major investments by the
MRSH Council partners and the challenge of balancing the investimgith
Essential Purpose: | equitable authority, the overarching authority (terméere asthe
Overall inernational aw{ !l /2dzyOAt O ¢2dzf R Fdzy OUA2Yy &AYAT
providing management oversight of the handling of the collection.

management’_ The key responsibility of the MRSH Council shbaltb provide

approvals, OverS|ght oversight oRSSenabling it via their managerial authority. They

are expected also tprovide guidancén other areas of MRSH

including curationplanetary protection and facilities managemelitable 2 andrigure6).
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Composition:In principle, the Council should comprise the highest level of decisiakers associated
with the MSR campaign, as its purvievayreach beyond jusRSS$nto subjects such as curation, safety,
policy, and law. As such, extensive consideration must be takeftsrdesign, structure, and

MRSH Council Oversight Responsibilities
Science

Facilities Curation
Safety

Figue 6. Overview of the overlapping
oversight responsibilities of the MRSH
Council.

membership. We provide a selection of initial options in
greater detail in Sectiof.1.

Key Outputs:The MRSH Council would serve as the
ultimate authority and decisional body on all scientific
matters. In addition, the MRSH Council would have the
authority to charter advisory committees, provide
financial authorization, and be the selecting authority for
science teams and investigatiori$e details of

budgetary authority may be addressed as part aftper
agreements, but it is expected that the MRSH Council will
operate as one authority representing multiple
stakeholders for science management, regardless of the
degree of budgetary independence between contributing
partners.

Timing:As the MRSH Couhwould have such a broad
set of responsibilities, especially in the earliest stages of
approving and monitoring the RSS processes, it is strongly

recommended that & formation begings soon as possible followis@gnature of the MSR MQldnd
that it remain in existence on an ongoing basis.

FINDING & A key oversight role for thecience managememianis assumed to be provided hifie Mars
Returned Sample HandlifiglRSH Council The Councivould provide management oversight, delegatio
of authority and responsibility, and budgetary support not only for returned sample science, but also
curation, planetary protection, and facilities management, and ensure that the terms of theaigésrcy
MOU are effectively implemented. TIMRSHCouncil should banitiated as soon as possible after the
MOU is signed, and it is envisioned to ensure {@mg continuity.

>

4.2.2 ProjectLeadershipfeam(PLT)

Rationale:We envision that the initial phase of MRSH will consist of a Prlifecstructure, analogous
to the strucure that oversees flight missions. This MRSH Project phase would be defined by a set of
science related objectives that would drive requirements for facilities as well as for planning for the

initial science investigations

While the MRSH Couneibuld havethe authority to designate
personnel to lead international sciencelated planning and Proiect Leadership
implementation committees, the daip-day management of the
schedulebudget,and implementatiorplanning for initial sample
scienceshouldbe organizedat the Progct level(Table 2) The team | the implementation of
designated to work at this level is termed the Project Leadership the MRSH Project

Team(PLT) ThisProjectwould encompass MRSH activities

Essential Purpose: Lea

beginning from receipt of samples on Earth throughout the initial
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examination of the samples and initlASS investigations, and would end whenRhgjectscientific
objectivesare met. The success criteria will be recommenatetiblly by the MAPT (Sectiegh3.2 and
later refined by thaSDT %ection 4.4.2 once more is knowabout the characteristics of theamples
that have been collected by M2020.

An important distinction between the MRSH Council and Prdjeatiership Team is that the Council
must exist for as long as the samples exist, given that they have overall aufoothe fate of the
samples, whereas the Project Leadership Team weldissolvednce the Projecscientificobjectives
have been met. After this point, the MRSH Council would continue to oversee theljectivedriven
phase of RS&tivities which would continue for as long as the samples exist.

Composition:The Project Leadership Team would be composed principally ofdnighmanagers in

MSR partner agencies, with the responsibility and authority to drive schedule and control budget. Their
mandate to deliver the MRSH infrastructure on time and within budget is paramount to the success of
MSRRSSThe responsibility of appointing the Project Leadership Team lieshatRISR partner

agencies via tHerepresentatives on thRSH Coundiind/orwA 4 K G KS | 3Sy Oeé @%., N’ a LIS C
bl {1 Q&8 ' Aa0NRYIFGSNRIFta& ! OljdzA & A ( A 8 MarsISghiple Cutahdtoti A 2y h ¥
9 { ! @ation@uthorityequivaBy i ¢ A G K NBALISOG uater). 9{! Qa al NA &l YLIJX

In addition to lead management les, the team should include Project Scientist(s), Project Curator(s),
and Project Managers/Lead Engineers of major components of the MRSH infrastructure, including the
SRF(shther curationfacility(-ies), large equipment procured or acquired for usedfieally in the MSR
campaign, and instruments.

Typically, projects have finite schedules and deliverables and thus it is key to note that, with the
exception of toplevel leadership, advisory and oversight roles, the precise composition of this group at
any given time depends upon the projects that are active at thatment (e.g., SRF design and
construction, development addditional curation facilitiesdevelopment of key systems to be installed
inside the SRF)

While key members of the Project Leadapstfieam would have loAgrm/perpetual appointments
(e.g.,Project Scientis), new members may be appointed as new activities begin, and some may
complete their duties and may leave the team as projects are delivétechbers of the PLT would be
expectedto participate in/interact withscience working groupgbat are tasked with formulating
recommendations or requirements for various parts of the MRSH project. This would help to ensure that
the recommendations made are implementable within the scope ofpttogect.

Key OutputsTheProjectLeadership Team must ensure success regarding the schéeddlget and
implementationin orderto fulfill the requirements of Basich@racteriation and Preliminary
Examinationandenable the achievement of th&cienceobjectives laid out by the international Science
Definition Team (iISDBection4.4.2).

Timing:Given that the Project Leadership Tearassumed to beesponsible for driving forward

planning and budgeting, they must be appointed relatively edityey reed to become aware of the
long-lead planning elements associated wiisSand deal with them appropriatelfNote that becaus

of the historical fact that M020team/projectwas organized about five years ago with the responsibility
andauthority to decié which samples to cache, and a very large international science team specifically
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decisions, and not in influencing those decisions. It is expabtgdhe Project Leadership Team would
complete their primary responsibilities when tieenbargoperiod for the initial returned samples has
been completednotionally2033 if the samples can be released from containment relatively quickly
Iy Rrojéctd dz00Saada¢ Kl a 6SSy RSOfIFNBRO®

FINDING # A Project Leadership Teanould need tobe establishedwith the responsibility of leading
the implementationof MRSH, of which returned sample science would be a component, including
schedule management, budget pling and implementationstaffing,and overall coordination

4.2.3 MarsSample Planning Grogl® (MSP&).

Rationale:The primary purpose dhe current iteration oMSPG was to providaufficientcontext and
structure regarding the internationalization of M&Rsupport potential partnership formation between
ESA and NASHowever, recognizing that €present document is intended as tfimmeworkof a
science management plan, it will, by necessity, be missing ingmgrtant details.

It is not possible at tkitime to write a fulScienceManagemeh

MSPG2 Plan for several reasong1) the specific terms tthe MOU are not
Essential Purpose: yet known (2) there isinsufficienttime to complete a full

. management plamn advance of the MSR partnersHigrming

Write the ful RSS discussions an(B) the curent MSPG planning team may rfudve
Management Plan the most appropriateconfigurationto do the requiredwork.
However, it is clear thadoonafter the MSR Partnership is formed
bodyneeds to be organized and given very specific Terms of
Reference to prepare the driadf a fullRSSManagement Plan.

It is assumed that the plan developed dasthe status of goroposalto the MRSH Council, who would
then have approval authority. This plan would be most valuable if it could be developed relatively early,
and in our vigv shouldbe possible to complete within approximatedyl2 months.

Composition:MSP& would benefit from the continuation of some of the original MSPG members and
adding new members from agencies or countries called out in the MSRtM&Ipplement any
required expertise

Key Outputs: TheMSP& would begin with theframework identified by MSP@hile taking into
account feedback from NASA and E&#dwould further clarify particular sections that could not be
articulated in detail by the first MSPGarder to developghe completeRS31anagement Plan.

Because this initid S$Management Plan would be generated approximately 10 years prior to the
samples returning to Earth, it is likely that future modifications may be required. It is thus recommended
that the MRSH Council account foossiblerevisions of this document taking into consideration any

major timely developments.

Timing:It would be preferable foMSP@& to begin afterthe formation of the MRSH Coundilowever,
in the event that the launchimof the Council is delayed for some reasme;ausehe work of MSP&

is on the critical path it would be best not pmstponeit unnecessarilyldeally, MSP@ would be able to
begin its work in early 2020, with the work completd 3 months after commecing (target: miedto
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late-2020) If the formation of the Counci$ significantly later than the first part of 202@e propose
that MSP& be started under a ToR that is approved by NASA/ESA, but require that its concluding
report not be finalized untilt is accepted by the Coundil.would be ideal to complete this work before
launchingthe internationalObjectivesand Requirements Definition Teai@RDTandthe MSR Analysis
Planning TearMAPT), in part because thRS3/1anagement Plamould providenecessary inputs to
both groupsand also because these activities may require some of the same personnel.

Table 2 Core functionalities required for tmanagemenplanning elements of an MSR campaign.

WHAT NEEDS TO BE D(C WHEN WHO

Overall Management
Functionality Precedent(s) Comgete Before | Appx.Start | Proposed Responsibility

Authority to charter Initiate action with

required international the Ministerial

sciencerelated planning decision, finalize on-going Jan 2020 MRSH Coungi#.2.1)
or implementation with NASAESA

committees MOU.

Authority to select
personnel to populate ang

lead required internationa) s s MoU on-going Jan 2020 | MRSH Counci#.2.1)
sciencerelated planning
or implementation
committees
ALY D BTN NASAESA MOU on-going Jan 2020 | MRSH Counch.2.1)
selection of Pls
Authority to consider and
approve necessary NASAESA MOU on-going Jan 2020 MRSH Counqi#.2.1)
budgets
End ofembargo
L period,
Manage the timeline, Project enters Phasq declaration of Project Leadership
budget to ensure o 2021
o . A missbn Team(4.2.2)
objectives are achieved S
(scientific)
success
Write-up fullRSS
Management Plan, for
editing/approval by NASA| Chartering byMRSH| Chartering + 6
ESA (and any other Council months Jan 2020 HEIPEE (@)
stakeholders defined in
the MOU).

4.3 Planning for Facilitidse enable Scientific Investigation

MRSHs assumed toequire facilitiesof two different general types. Firgg theneedfor facilities driven

by centralized planning processesost importantly a higikcontainmentSampleReceiving Facility (SRF)

and one or more additional curation facilities that are either associated with the SRF or are independent
of it. As per the ©Rfor thisstudy (Appendix Bwe have been asked to assume @fHocated in the
U.S.andpossiblyone or moreadditional curation facilies Whether theyare contained or uncontained,
located in the U.S. and/or Europe is yet to be determined.
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Second, RS&ould needstate-of-the-art analyticafacilities and instrumentation. These need to be in
part within the &RF and curation facilities, and in part in external laboratories that are not led by
centralized processes, but instead by individual Rlge@tly existingPl labs and instruments will be
significantly more than a decade old by the time samples becoraiasle, and in need of
refurbishment, new instrumentation and new scientific staffifrgnding support will be needed for all
of the above.

Although the functional requirementsf an SRmay change as they asvaluated in more detailt has
been clear dér at least two decades that the facility describedthy currentlyknownrequirements

would likelybe the largestcost element within MRSH, the one requiring the longest planning lead time,
and the one with the greatest schedule rig#tl of these are gource of significant management

concern

In order to ensure that th&RRacility design meets the needs of itsels, it is assumed that most of the
SRF requirements originate fromcombinatiorof three sources: Planetary Protection, Science, and
Curaion. RSSpecifically has an essential interest in the design of the SRF, since a number of important
scientific measurements on the martian samplasuld be made thereandwould probablyprovidethe
information to address theequirements of theeventualsafety protocolWe propose that the scientific
interests in the MSkRelated facilities can be refindaly the IORDT and the MART

Table3).

As per a key conclusion of MSPG (2019a), a critical part of fatditping is that researdaboratories
around the world be upgraded to the minimum required specifications to be alieceive anchnalyze
portions of returned martian sample$his may require significant facilities investment on the part of
the reseach institutions and/or MSR partner agencies.

Table3: Core functionalities required for thecience relatedacilities planning elements of an MSR

campaign
WHAT NEEDS TO BE DONE WHEN WHO
Facilities Planning
Functionality Precedent(s) Appx. Start Proposed Responsibility
Define Level 1 and 2
reqwremenFs fqr the SRF, an Chartering by MRSH mid-late 2020 iORDT4.3.1)
other planning inputs needec Council
for its budgeting and timeline
Chartering by MRSH
Write the RSSmplementation | Council; Completion of
& Analysis Plan RS3anagement Plan Eciy A ARG SR
& IORDT Report
Prepare AO for science Eni?rggePT:nnia:Enlfte
investigations to take place Y P 2025 iSDT(4.4.2)
o knowledge of samples|
inside SRF
collected to date
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4.3.1 InternationalObjectivesand Requirements DefinitioTeam (iORDT)

Rationale: The iORDWould be charged withwriting the highlevel facilityrelated requirements for the
SRF as input to the design process. It is assumed that most of the requirements will originate from
planetary protection, from scienand from curation. The design work may or may not have
competitive dimensions to1t that will be decided by the stakeholder entities and communicated to the
Council It will be the responsibility of the IORDT to develop a-ster understanding of theriancial
implications of their recommended requirement set and to ensure that the trade space involving
requirements and realistic budgets has viable solutions withihig.essential that the iORDT is involved
in planning of the SRF from the start toseire that the

IORDT SREs fit for its purpose

Essential Purpose: Define SE within the NASA system, an ORDT and an SDT are broadly

objectives & requirements thatl similar, with the difference being the degree of focus on
are consistent with cost science planningrhe most recent ORDT in the NASA

hedul d oth . system was the one carried out to define the hun
schedule, and other constraint Reconnaissance Orbiter (LR@)that case,lte ORDT

defined objectives can be found Wondrak (2004).

Composition:By analogy with past committees of this sohtetiORDTS likely toconsistof facilities
engineers, scientists and experts in curatiptanetary protection and contamination control.
Membership should overlap with that of tHdAPT(Sectiord.3.2 for continuity and consistency.
Members would be appointed by the MRSH Couredled ormrecommendations made by MSR partners,
but if specificdechnical expertise were required, there would be a process (overseen by the MRSH
Council) for appointing neMOU-signatorycommittee members.

Key OutputsThe iORDT would produce a report of the Higbel requirements for aspects of the SRF

that relate o sample handling and analysis. This mélp developa cost estimate that can feed into a
potential SRF AO (if that is the decided method) and a procurement strategy for instruments and other
equipment and will provide the high level requirements thaetMAPT(Section 4.3.2 will decompose

into lower level requirements for incorporation intm&S3mplementation and Analysis PI&RIAP)

Timing:Because théimeline for the SRF is very long, potentially up to 11 years from conception to
sample receipte.g.,iIMARS2,. 2018, the iORDT should bengagedas soon as possiblelowever, there

would be some advantage in having the full Science Management Plan in hand (or at least a stable draft)
before this activity is launched. There will be an intenseqakrobably commencing after a successful
landing of theM2020spacecratft, during which the SRF will be designed. As per Séi@n this would

imply beginning in midate-2020(see Figre 7). Thework is expected to take 6- months, and could

notionally be completed by the earyo mid-2021

4.3.2 MSR Analysis Planning TeAMP)

Rationale:A critical step in facility planning is determinitiig priority ofscientificanalyseghat should
be performedwithin the SRF and what measurements are neededppart of sample distribution
including (but not limited ta)

1 decisions on the identity of the measurements to be made byRE&
9 the identity and priority of the timesensitive measurements described by MSPG et al. (2019a)
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1 the relationship between plarary-protection-specified measurements and the sterilization
sensitive measurements (see MSPG, 2019a)

91 the specifics of how the sample tube®uld be opened, and ensuring that any necessary hardware
is designed and built

1 establishing the methodologies foample sterilization

1 establishing the requirements for the qualification of external laboratories to be able to receive
allocated sample§potentially, by judicious use of sterilizatiadndependentof completion of the
safety assessment)

The order of tle performance of the above activitiagould be considered, as well as analysis of
preparation techniques required for analysis.

TheMSR Analysis Planning Te@tAPT shouldbe responsible foplanning for how the different
phases of sample analysis will é&eecuted, starting from arrival of the sample capsule at the recovery
site to ensure that the integrity of the returned material is not compromised during opening of the
capsule. ltvould also include planninfpr a variety of contingencieg g., if thesamples are not
releasable or if the state of the sample is different from what was expgcted

It is acknowledged thatpecific analyses woulalsobe

requiredto fulfill planetary protection requirements. The M
MAPTwill work closely with botiplanetaryprotection and Essential Purpose: Prepa
curation to ensure that decisions abosterilizationof specific plans for the

samples, if needed, arttiat their subsequent release to the
scientific community occsfin a timely fashion with due
consideration for safety and security and impsah sample samples

integrity.

Composition:TheMAPTshould consist of a combination of scientists and experts in curation, planetary
protection and contamination control. It would be desirable $ome membersf MAPTto overlap with
that of the iIORDT for continuity and consisterideembers would be appointed by the MRSH Council
consideringecommendations made by MSR partnéfkeMAPTmay require specific expertise and
members could be afarge but must be approved by the MRSH Council

analysis of the MSR

Key OutputsDrawing on the findings of thtMiOST RepoiiMOST, 2019}the anticipatediORDT
Report, the MSPG reporfMSPG 2019a,band theupcomingSample Safety Assessment Protocol
(SSAP) report, the growpould ultimately produce theRSSmplementation and Analysis PIGRIAP)
whichwould feedforward into the work of the iSDT (Sectiért.2).

Timing: TheMAPTshould begin its work as soon as possible after the iORDT (Sé@&idrhas

RSt A @S NB R highietel efuiréerfitsi@évé €23 anticipated inearly 2021(see Figurd).
Generating the flow into lower level requirementsaisarge piece of work that we estimate will take at
least 12 months.
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NASA-ESA RSS

Partnership Management Science-Driven SRF

Formed Plan Complete Inputs Complete
MSPG MSPG-2 ] T
Develops . iORDT
Framework for Write RSS
M RSS Management Develop high- Write RSS Implementation &
ars Plan level SRF Reqs ol BT e [ T

bl L SRF reqs., feeds into AO for

systems or instruments needed
inside the SRF

= ~Jan, 2020 Mid-late | = = == = = = = = = = — 2022 - =

2020

Fiqure 7: Notionalschematic representation of the key timindagonships between approximately 2020 and 2022.
The most important initial activities for MRSH are the foriorabf the MRSH Coundaind the construction of a full
RS3anagement PlanEssential neaterm committees are the iORDT (internatiofddjectives & Requiremets
Definition Team)MSP& (MSR Science Planning Grou@agll the MAPTMars Analysis Planning Tear@yitical
sciencerelated activities are highlighted in yellow

4.4 Returned Sample ScienBedies

The schedule for the MSR flight eleme(figure 3) contains two dates that are key to RSS planrting:
date of the MAV launcfapproximately March, 2029) aritie date of receipt of samples on Earth
(approximately Segimber2031+ 3 monthg. The former of these dates is when the science community
would know specifically which of the samples that had been collecteld2§20are on their wayo

Earth; he latter iswhen wewould know the details ohumber,size,andmass of the samples.

Functionally, these dates define two key stages. Prior to th&/Naunch, itvould be known that some
samples may be coming, and the community needs to be prepared in a generic way. After the MAV
launch, the samples being returned and their date of retwuld be precisely known. At that point our
planning forRS®perationswould required increasedpecificty. MSR is ulthately a sciencelriven
endeavou; it is appropriatethat therewould be a number of opportunities for scientists to get involved
(Table 4 and\ppendix G

4.4.1 Sample Prioritization Workshop(s)

Rationak: TheM2020samplecaching rovewill carry43 sample tubes, of which four have beenpre
configured as blanks (and that configuration cannot be changed after lauhbl¥ not yet been
determined how many tubes (either sample or blank) the MSR fliggtem will be capable of

returningt there are complex system engineering trades that relate to theaizknass of key SRL/ERO
flight elements (e.g., the OS, MAV, and CCRS) that are still under evaluation as of this writing.
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However, it is the intent afhe science community
Sample Prioritizatio (see E2BSAG, 2012) that the number tfbes
WOI’kShOD(S) available to be returneavould exceed the number
. .. that can physically be returned, and that a sample
Essential Purpose: Prioritize the down-selection and higlgrading process would
samples cached on Mars as input| increase the quality of the overall sammiellection.
finalizing a recovery/return strateg] ©nce the science community has established its
sample priorities, itvould be necessary taise these
prioritiesas inputs for thesample retrieval plan, including a traverse planifoth the SFR and for
M2020, beginning with the choice of arlding site for SRHypothetical scenarios for both sample
retrieval and sample depots are already being worked as of this wrifiig will be an ongoing study for
some time as the M2020 mission progresses aoiibnal SFR/SRL requirements are modifigth time.

Composition: We envision thathe sample prioritization workshowould take place by means of one
manylarge, communitybased workshop analogous to the landing site workshops that have been run by
NASA and ESA fsi2020and the ExoMars roverespectively. Such a process is an ideal way to get as
broad a spectrum of the community as possible engaged. We propose that attendance at this workshop
would not be limited to the MSR partnensutinstead would be open to scientists from anywherehae t
world.

Given the cost of the MSR investment and the high science implications of the sample prioritization, it
may not be realistic (or even desirable) to reach these prioritization ratings in a single wagrkstiogr
discussion on this point is wamted.

Key OutputsThe formal output of the sample prioritization workshop(s) would be a set of priorities for
the retrieval/return of the sampledt wouldbe up to a successor engineeritegl process to use these
priorities to optimize the landing sit®r the SRL mission, and also to optimize the traverse (potentially
of both the fetch rover an#12020). In addition, here are significant contingency scenarios that could
develop well after this proposed workshop that could alter the traverse plan&rah contingencies

may affect which samples are even viable to retuimcludinglossof M2020mobility, failure of SFR
egresspr loss of SFR during its traverse

Timing: Determining theidealtiming for the workshop is challengin@n one handit needsto happen
beforethe surface traverse plan of the fetch rovefirglized (Figure3). This may affect the specific
choice of landing site for the SRL mission, which would play a role in optimizing the saimgNal
planning. Conversely, it needs to happater all (or at least a very large majority) of the samples have
been acquired by th#12020samplecaching roverGiven that the landing d8FRs scheduled for July,
2028(Figure3) and pending inputrom the flight engineers on when they need to know the landing site,
for the purpose of longange planning w@roposethat the firstworkshop be scheduled forduly,

2027.

4.4.2 International Science Definition Team (iISDT)

Rationale: MSR has been presentéal the world as a campaign of missions that are driven by scientific
objectives the initial competition for sample access must therefore be objeetitreen. For planetary
missions, it is traditional to operate a Science Definition Team (SDT) to delvelsgi¢ntific inputs into
the necessary Announcement of Opportunity (A@)his case, the SDT would need to be international
in scope, so we use the acronym iSEQr the purposes of MSR, the iSDT would need to establish the
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scientific objectives so thahe proposing community can write effective proposals, and so that criteria
can be established to evaluate and distinguish between proposals.

As summarized by MSPG et al. (2019a), scientific
access to the samples can be organized into three ISDT

categories:(i) Investigations that are so tirmeensitive Essential Brpose:Prepare

that they must be done quickly in the SRF; (ii) . .
Investigations involving stiization-sensitive science, inputs to the AO that drives the

or that will produce mformation of relevance to the competition forinitial access to
Sample Safety Assessmemnbtecolt these also must the samples.

be done in containment and (iii) investigations that a
not time or sterilizationsensitive There are two obvious ways to implement the scientific competition:

1. 1-Step processThere is only oné&sSDT and one AO, and the scope includes sciencetlimes|
categories aboveThis would beelativelysimple to implement, and it would allow for fair
processing of the proposals for which this categorization is undisawever, a consequenacd
thisis that theanalysigimeline would be driven by the investitians that need to belone
insidethe SRFrequiringthat the scientific competition be scheduled beforthe design of the
SRF analical laboratories is finalize®Ve anticipate that thisvould be before theMAYV launch
from Mars(at which point wewvould know with certainty which samples are heading towards
Earth. This would require a second step for Pls to submit sample allocation priorities based on
knowledge of actual samples to be received.

2. 2-Sep processThe investigations thdiave to be performednithe SRF are competed
separately from those thateednot be in containmentThis would be more work, and would
LINPolofe oS | tSaa aOftSlyé¢ azfdziazys odzi o8
launched, the proposals can be much more specifid,tae budgeting and planning processes
can receive far more commitment.

Although the MSPG endorses &#&p procesdor the reasons stated abovénd thisis how we have
represented it on Figurs, this is a topic for which we would encourage more discusBefore a
decision is finalized.

Composition: For reference, we envision thiie iSDT would likely have a size and composition
approximately similar to the SDT that was used to define the science of the M2020 nisesdvR020

SDT, 2014), which hacchair and 19 additional members of the community. This population was
balanced for diversity in all of its relevant dimensions. In this case, of the above 20 people, 18 were Mars
scientists, and two were human spaceflight engineers (these two were irtclhgigause in this example,
one of the mission objectives related to hunstn-Mars). Finally, the SDT was assigned to the Mars
Program Office athe Jet Propulsion LaboratoryRl).for implementation, facilitation, logistics, and
documentation, and they afgned three additional scientists for this purpose. For the iSDT, the science
population would need to be international in breadth in order to represent the Mi2tined agency
stakeholdersIn addition, curation experts would need to be represented intden. The nembership
would be appointed rather than competed, and should be selected byitR&1 Council Membership

would be limited to MSR partners, rather than being open to the world.

Key OutputsThe formal product of the iSDT would be a report tvauld define the scientific inputs to
the AO that would drive the critical competition for initial access to the returned samples.
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Timing: Investigationgn Categories (i) and (ii) abowsuld need to be conductethside the

containment barrier of the 3R which means that their timeline will be driven by the development

schedule of the SRF. Some of the sciensistected to carry out the investigationsay propos

instruments or sample preparation systems, and these will have to be installed afteoitfiteof

O2YLX SGAz2zy 2F O2yaiNHzGA2Yy 06do Sy ST Alakier.fAssantng dzLJF y O @
a sample arrival in ~Sept. 2031, these two dates have been estimated at about 2028 and Sept. 2029,
respectively. The competition for investigatis and instrumentation would need to happen well in

advance of that so that the instruments can be procured, installed, anddeB@ planning purposes,

we suggesthat this competition would take place in ~ 2027, implying that the iSDT would need to

complete its work late 2026. These timing relatibips are illustrated in Figui@

The Category (iii) winners of@alsample access competition would need time to get their teams in place
and to configure their laboratories. For many academic laboratoieesgxample, it will almost certainly
be necessary to improve both the contamination control and the physical security aspects, relative to
the standards that are used to analyze terrestrial samples. If the AO is released202didwith

selections by th beginning of 2028, that should allow sufficient time for thdeliteams to get ready.

At the time of the MAV launch from Mars in 2029 (approximately 2.5 years before receipt of samples at
Earth), wewould know exactly which samples will be coming totEaBeginning with this event, the

sample investigation Pigould have an important opportunity to express their priorities for which
samples they want to work on. Although wwuld only later know exactly what the samples are as a
result of the Prelimingy Examination process, this informatiamuld be available too late to begin the
Sample Allocation process.

Sample
prioritization
workshop

M-2020 Engineers optimize traverse

has been and SRL landing site SAMPLE RETRIEVAL
collecting

Scientists conduct initial ] Pls submit sample
samples . iorities, based
competition for access to i priorities, based on

forupto6

samples (allows competed : tubes launched
years ples { - OPERATIONS AT

AO for instruments in SRF) from Mars.

MARS
> A0
~July, 2027 July, 2028 March, 2029

Figure8: Schematic representation of kagtionalactivities and dependencies in the 282029 timeframe. The
science community's prioritizatioof samplesvould inform the sample retrieval decisions and processes.
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